The yellow fever mosquito Aedes aegypti has been the subject of extensive genetic research due to its medical importance and the ease with which it can be manipulated in the laboratory. A molecular genetic linkage map was constructed using 148 amplified fragment length polymorphism (AFLP) and six singlestrand conformation polymorphism (SSCP) markers. Eighteen AFLP primer combinations were used to genotype two reciprocal F 2 segregating populations. Each primer combination generated an average of 8.2 AFLP markers eligible for linkage mapping. The length of the integrated map was 180.9 cM, giving an average marker resolution of 1.2 cM. Composite interval mapping revealed a total of six QTL significantly affecting Plasmodium susceptibility in the two reciprocal crosses of Ae. aegypti. Two common QTL on linkage group 2 were identified in both crosses that had similar effects on the phenotype, and four QTL were unique to each cross. In one cross, the four main QTL accounted for 64% of the total phenotypic variance, and digenic epistasis explained 11.8% of the variance. In the second cross, the four main QTL explained 66% of the variance, and digenic epistasis accounted for 16% of the variance. The actions of these QTL were either dominance or underdominance. Our results indicated that at least three new QTL were mapped on chromosomes 1 and 3. The polygenic nature of susceptibility to P. gallinaceum and epistasis are important factors for significant variation within or among mosquito strains. The new map provides additional information useful for further genetic investigation, such as identification of new genes and positional cloning.
M
ALARIA is one of the most fatal infectious diseases, causing significant human health problems in the subtropics and tropics. Nearly 500 million clinical malaria cases occur each year, resulting in 2.7 million deaths. These deaths are mainly among children under the age of 5 in sub-Saharan Africa. Malaria control strategies have been severely affected during the last two decades by the emergence of Plasmodium resistance to antimalaria drugs and mosquito vector resistance to insecticides.
The yellow fever mosquito Aedes aegypti is a natural vector of the avian malaria parasite, Plasmodium gallinaceum, and an important vector of dengue virus. It can be manipulated in the laboratory with ease and has been subject to extensive genetic research (e.g., Severson et al. 1995a,b; Yan et al. 1997; Yan and Severson 2003) . For example, the genetic map of Ae. aegypti, which used 77 morphological, isozyme, and insecticide resistance markers covering 171 recombination map units, was the first linkage map for a mosquito species (Craig and Hickey 1967; Munstermann and Craig 1979) . The first DNA marker-based genetic linkage map of Ae. aegypti was constructed in the early 1990s through a restriction fragment length polymorphism (RFLP) analysis of cDNA clones (Severson et al. 1993) . This initial RFLP map for Ae. aegypti consisted of 50 DNA markers that covered 134 recombination units across the genome and included several morphological marker loci (Severson et al. 1993) . Antolin et al. (1996) reported a linkage map of Ae. aegypti based on single-strand conformation polymorphism (SSCP) analysis of randomly amplified polymorphic DNA (RAPD) markers. A composite genetic linkage map for Ae. aegypti has been constructed based on the RFLP, SNP, and SSCP markers . The map consisted of 146 marker loci distributed across 205 cM and included several loci of morphological mutant markers. On the basis of the limited number of molecular markers and associated linkage map, quantitative trait loci (QTL) influencing Ae. aegypti susceptibility to the lymphatic filariasis nematode parasite and the avian malaria parasite were determined (Severson et al. , 1995b Beernsten et al. 1995) . In particular, a major QTL on chromosome 2 and a minor QTL on chromosome 3 1 were identified in terms of vector competence to P. gallinaceum.
The statistical power of QTL mapping may be affected by factors such as the number of molecular markers used, the sample size of the segregating population, the number of genes controlling the traits, and the existence of gene interaction (Knapp and Bridges 1990; Melchinger et al. 1998; Coffman et al. 2003; Majumder and Ghosh 2005) . Previous study of the identification of P. gallinaceum susceptibility QTL in Ae. aegypti used a limited number (16) of cDNA markers. Therefore, it is possible that other minor QTL could not be detected. In this study, we use significantly more molecular markers and a larger segregating population size to determine whether additional QTL conferring susceptibility to P. gallinaceum in Ae. aegypti may be detected. In addition, we aim to better define the genome regions of these QTL. High-resolution QTL mapping is critical for positional cloning and gene isolation. Here we report a highresolution, amplified fragment length polymorphism (AFLP)-based genetic linkage map and the results of QTL mapping for malaria parasite susceptibility in the yellow fever mosquito Ae. aegypti. Our AFLP-based linkage map included 148 AFLP and six cDNA SSCP markers. The total map length was 180.9 cM, providing an average marker resolution of 1.2 cM. Using the AFLP markers and reciprocal F 2 intercrosses between refractory and susceptible strains, we identified six QTL conferring Ae. aegypti susceptibility to P. gallinaceum.
MATERIALS AND METHODS
Mosquito populations, parasite infection, and phenotyping: We developed two reciprocal F 2 intercross segregating populations from crosses of the P. gallinaceum-susceptible Ae. aegypti RED strain and a P. gallinaceum-refractory Ae. aegypti strain selected from the Moyo-in-dry strain (MOYO-R). The selection procedure of the MOYO-R strain, its relative parasite susceptibility, and the RED strain were described by Thathy et al. (1994) . In cross R5-5, an F 1 generation was produced using pairwise mating between one RED female and one MOYO-R male, and F 1 intercross progeny (n ¼ 146) were produced through sibling mating. In cross M7-3, the F 1 generation was produced using one RED male and one MOYO-R female; F 1 intercross progeny (n ¼ 122) were produced through sibling mating. Mosquito larvae were reared on a suspension of dried beef liver powder. Individual egg rafts were reared in separate rearing pans, and pupae were transferred to cages for adult exclusion and sibling mating. Parents and F 1 generation pupae were separated by sex before adult emergence. Adults were kept in 20 3 20 3 30-cm cages and were provided cotton soaked with 2% sugar solution ad libitum. The mosquitoes were reared and maintained in an environmental chamber at 25°, 80% RH, and 16:8 hr (L:D) light cycle. A 30-min crepuscular period was set at the beginning and end of each light cycle. The F 2 female mosquitoes were allowed to engorge on restrained White Leghorn chicks that were naturally infected with P. gallinaceum essentially as described by Kilama and Craig (1969) , with some modifications by Thathyet al. (1994) and in accordance with animal testing guidelines. The engorged F 2 females were dissected 6-7 days after being fed by the infectious blood, and the numbers of P. gallinaceum parasites that had successfully developed into oocysts in the midguts of individual mosquitoes were counted under a microscope to quantify the phenotype.
DNA extraction: Genomic DNA was extracted individually from all the parents, F 1 , and F 2 populations following the phenol/chloroform method (Severson 1997) . The parents and F 1 generation were used to establish the segregation pattern of the molecular markers.
AFLP analysis: All individuals were subjected to genotyping with AFLP markers according to Vos et al. (1995) with some modifications (Zhong et al. 2003) . Briefly, genomic DNA was double digested with EcoRI and MseI. The DNA fragments were ligated with EcoRI and MseI adaptors, generating template DNA for PCR amplification. Two primers used for PCR amplification were designed on the basis of adaptor sequences and restriction site sequences. Selective nucleotide sequences were added to the 39-end of each primer. PCR amplification was conducted in two steps: a preselective amplification and a selective amplification. Polymorphism screening of AFLP products was conducted on a Li-Cor model 4200 automated DNA analyzer with 6.5% polyacrylamide gels. The gel electrophoresis was maintained under a constant temperature of 45°. Allele sizes were determined using the computer software, GENE IMAGIR, provided by the manufacturer (Li-Cor, Lincoln, NE). For the selective amplification, a total of 100 primer combinations were screened. Among them, 18 primer pairs that produced fragments with clear dominance inheritance patterns and reproducibility were used for linkage analysis. These included L1B1, L1A1, L1A8, L1A9, L1A10, L2B1, L2A8, L2A9, L2A10, L2A14, L3B1, L3A8, L3A9, L3A10, L4B1, L4A8, L4A9, and L4A10. These AFLP primer sequences and marker designations were reported by Zhong et al. (2003) .
SSCP analysis: A total of 20 SSCP markers were selected from the map of Fulton et al. (2001) for screening polymorphisms between the two parent strains, RED and MOYO-R. On the basis of marker polymorphism and location on three chromosomes, six markers (Hexam2, Peroxnc, Fax, Sin3, Gpd-1, and Apyr2) were selected for genotyping the mosquito populations. PCR was completed in thin-walled polycarbonate plates, each with 96 wells (Fisher Scientific, Pittsburgh) . SSCP analyses were conducted on a dedicated height nucleic acid sequencing system (C.B.S. Scientific, Del Mar, CA) using 0.63 mutation detection enhancement (MDE) gels, following Bosio et al. (2000) and Martins-Lopes et al. (2001) with modifications. Briefly, 10 ml of PCR product was denatured by adding 4 ml of loading dye (95% formamide, 10 mm EDTA, 1.0% bromophenol blue), followed by heating at 95°for 5 min and quenching on ice. Six microliters of sample were loaded on standard sequencing gels (33 cm 3 42 cm 3 0.4 mm) containing 18 ml 23 MDE gel solution (BMA, Rockland ME), 3.6 ml 103 TBE buffer, and 38.4 ml water, which was polymerized by the addition of 0.6 ml of 10% w/v ammonium persulfate and 60 ml of TEMED. The gel electrophoresis was maintained at a constant power of 8 W for 5 hr at room temperature. Gels were stained with silver nitrate following the method of Bassam et al. (1991) and Zhong et al. (2004) .
Linkage analysis and QTL mapping: Linkage map construction and QTL analysis followed Zhong et al. (2003 Zhong et al. ( , 2004 . Briefly, we analyzed the data using the Kosambi map function (Kosambi 1944) of Mapmaker/Exp v 3.0 (Lincoln et al. 1992) to develop a linkage map for each population. The computer software JoinMap (Stam 1993; Van Ooijen and Voorrips 2001) was used to produce the composite map. QTL analyses were conducted separately for crosses R5-5 and M7-3 to determine whether similar QTL could be identified in the two crosses. The computer software Mapmanager QTX (Manly et al. 2001 ) was used to determine the QTL positions, the expected additive and dominance effects, and the phenotypic variance explained by individual QTL. The LOD threshold value for declaring the presence of a QTL was determined by a permutation test (n ¼ 1000) (Churchill and Doerge 1994) . Average levels of dominance (h) were estimated using the ratio dominance (d)/additive effects (a) (Stuber et al. 1987) . The individual QTL designation was made using the following format: pgs [n, y], where pgs is P. gallinaceum susceptibility, n is the linkage group number, and y is the AFLP marker closest to the QTL.
RESULTS
AFLP primer screening: A total of 100 primer combinations were screened. Eighteen primer pairs that produced polymorphic fragments with clear dominance inheritance patterns and reproducibility were used for linkage analysis (18%). Among the 100 AFLP primer combinations, 48 primer combinations produced polymorphic fragments between the RED and MOYO-R strains. We selected 18 pairs of AFLP primer combinations for segregation analysis on the F 2 intercross populations on the basis of reproducibility and the extent of polymorphism. Only the polymorphic fragments that showed dominant segregation and could be scored unambiguously were used for construction of a linkage map. A total of 146 and 138 qualified polymorphic fragments were selected in the crosses R5-5 and M7-3, respectively. In R5-5, a total of 41 (45.6%) dominant alleles were descended from the RED strain. Similarly, 50 (53.2%) dominant alleles were descended from the RED strain in cross M7-3. All markers with dominant alleles descended from the RED strain are underlined in Figure 1 . There were 97 fragments common to the two crosses. On average, each primer combination generated 7.7-8.1 fragments, with sizes ranging from 45 to 487 bp, which could be used for linkage mapping. The L2/A9 primer combination produced the most qualifying polymorphic fragments in both crosses (15 for R5-5 and 14 for M7-3), whereas the L2/ A8 primer combination produced the fewest (2 each for both crosses).
Map construction: The linkage map derived from the cross R5-5 contained 126 AFLP and six SSCP markers that were assigned to three linkage groups at the LOD threshold of 4.5. Twenty AFLP markers could not be assigned to any linkage group. The total map distance was 186 cM. A total of 30 markers (23.8%) showed significant distortion from the Mendelian segregation ratio, and most of these markers were on chromosome 1. For cross M7-3, 120 AFLP and six SSCP markers were mapped to three linkage groups with a total map length of 176 cM. Eighteen AFLP markers could not be assigned to any linkage group. Twenty-five markers (20.8%), found mostly in the middle of chromosome 1, exhibited significant distortion from the Mendelian segregation ratio.
The linkage maps generated from the two independent segregating populations were very similar in marker order and map distance in each linkage group. Alignment of the two maps revealed that the markers common to the two maps fell into the same linkage groups. Consequently, an integrated map comprising markers from both populations was constructed using a LOD threshold of 4.0. The integrated linkage map consisted of 148 AFLP markers and six SSCP markers (Figure 1) . The six SSCP loci were used as anchor markers for assigning linkage groups to each mosquito chromosome, following the map of Fulton et al. (2001) . The total recombination distance over the three chromosomes was 180.9 cM after correction for double crossovers using the Kosambi function; this was longer than the SSCP map (Fulton et al. 2001) . The AFLP markers did not show any significant clustering near the centromeres or the distal region of the chromosomes, suggesting that they provide good coverage of the genome (Figure 1 ).
Phenotypic variability in Plasmodium susceptibility: Significant genetic variation for Plasmodium susceptibility segregated in the two F 2 populations. The number of oocysts in the F 2 population ranged from 1 to 570. The oocyst frequency distribution was determined for two F 2 segregating populations from a reciprocal intercross between the P. gallinaceum-susceptible RED strain and the P. gallinaceum-refractory MOYO-R strain ( Figure  2 ). The mean oocyst counts and standard deviations (SD) within the F 2 population were 90.1 6 87.4 (n ¼ 146) and 76.7 6 66.2 (n ¼122) for R5-5 and M7-3, respectively.
QTL analysis: Using the composite interval mapping method, we detected four QTL on chromosomes 2 and 3 that significantly affect the parasite susceptibility in the R5-5 group (Figure 1) . The LOD score plots for linkage groups with the identified QTL provide a basis for identifying the molecular markers most closely linked to the QTL (Figure 3) Table  1) . The four QTL collectively explained $64% of the total phenotypic variation. The permutation tests indicated that all four QTL were statistically significant (P , 0.01), with additive effects ranging from 9.7 to 52.6 oocysts (Table 1) . A positive additive regression coefficient suggested that the susceptible strain RED contributed the alleles for increased parasite susceptibility (Table 1 coefficients with a negative h value, suggesting that the gene action at these two QTL was underdominance or recessive.
For M7-3, four QTL (Figure 1) (Table 1) .
Digenic epistasis: Two digenic epistatic QTL were detected for parasite susceptibility in each population (Table 2 ). The two digenic epistatic QTL in the R5-5 group involved three previously identified QTL markers (L4A8.150, L3A8.285, and L2A10.218), and they accounted for 11.8% of the total phenotypic variation. However, in M7-3, only one of the digenic epistatic QTL involved a previously identified QTL marker (L4A9.394), and the two digenic epistatic QTL accounted for 16.0% of the total phenotypic variation.
DISCUSSION
In this study, we developed an AFLP-based linkage map for the yellow fever mosquito Ae. aegypti. The map consisted of 148 AFLP markers and six previously mapped SSCP markers. The length of the AFLP-based genetic map was 180.9 cM, giving an average marker resolution of 1.2 cM. Using this map, a total of six QTL that significantly affect the mosquito's susceptibility to P. gallinaceum were detected in the two reciprocal crosses in Ae. aegypti. The six QTL were located on all three of the mosquito's Figure 2. -Frequency distribution of the number of P. gallinaceum oocysts in two F 2 segregating Ae. aegypti populations derived from pairwise mating between RED and MOYO-R strains. R5-5 represents an F 2 segregating population from a cross between a RED female and a MOYO-R male, while M7-7 represents a cross between a MOYO-R female and a RED male.
Figure 3.-Composite interval mapping of the susceptibility to the malaria parasite P. gallinaceum in Ae. aegypti. Cross R5-5 represents an F 2 segregating population from a cross between a RED female and a MOYO-R male, while M7-3 represents a cross between a RED male and a MOYO-R female. Significance thresholds are indicated by dashed horizontal lines, with LOD ¼ 3.0 (genomewide P , 0.001) as determined by 1000 permutations of our mapping data (Churchill and Doerge 1994). chromosomes. Two common QTL on linkage group 2 were identified in both crosses, with similar effects on the phenotype. Four QTL were unique to each cross. In one cross, the four main QTL accounted for 64% of the total phenotypic variance, and digenic epistasis explained 11.8% of the variance. In the second cross, the four main QTL explained 66% of the variance, and digenic epistasis accounted for only 16% of the variance. The actions of three QTL (one on each chromosome) were either dominance or partial dominance, while the actions of another three QTL (one on each chromosome) were underdominance or recessive.
Map analyses showed that the AFLP markers generated with the EcoRI/MseI restriction enzymes were not distributed among the mosquito's three chromosomes in proportion to the chromosomes' genetic length. Chromosome 2 contained more markers than expected, primarily due to an enrichment of markers around its centromere. However, the AFLP markers were found along nearly the entire length of the Ae. aegypti genome, and most genetic distances between the consecutive pairs of the AFLP markers were smaller than 5 cM. Therefore, the AFLP markers provided good coverage for the majority of the Ae. aegypti genome, showing that this technology efficiently generates dense molecular linkage maps in a relatively short period of time compared with RFLP or other PCR-based markers.
In the study, we found deviations from the expected 3:1 segregation ratio in the reciprocal F 2 intercross population of Ae. aegypti. These deviations were 53.8% of AFLP loci on chromosome 1, 21.7% of the AFLP loci on chromosome 2, and 12.5% of AFLP loci on chromosome 3. This type of distorted segregation in the molecular markers used for linkage mapping has been repeatedly observed in plants, invertebrates, and vertebrates. Lu et al. (1998) reported that $15% of the AFLP markers deviated from the expected 3:1 or 1:2:1 segregation ratios in the K62-68 family of peach rootstocks. Likewise, Xu et al. (1997) observed that 6.8-31.8% of the mapped marker loci showed segregation distortions of AFLP in populations of rice (Oryza sativa L.). Also, Paillard et al. (1996) found that 12% of RFLP markers a Individual QTL designation has the following format: pgs [n, y], where pgs is P. gallinaceum susceptibility, n is the linkage group number, and y is the AFLP marker that is closer to the QTL region.
b The additive regression coefficient for the association or the additive effect due to substitution of a RED allele by the corresponding MOYO-R allele. Positive value represents increasing mosquito susceptibility; negative represents decreasing mosquito susceptibility.
c The dominance effect associated with the heterozygote. Italics indicate that a marker is a main-effect QTL marker identified by composite interval mapping. a R 2 is the proportion of trait variation (parasite susceptibility) explained by the digenic epistatic QTL.
and 20% of RAPD markers in a linkage map of a doubled-haploid population of coffee (Coffea canephora) deviated from the expected segregation ratio of 1:1. Abnormal inheritance also occurred with $25% of the AFLP markers observed in soybean (Prabhu and Gresshoff 1994) . Using AFLP markers, a distortion rate of 54% was reported for silkworm (Tan et al. 2001) , 16% for channel catfish (Liu et al. 2003) , and 14.5% for Tribolium castaneum (Zhong et al. 2004) . In Ae. aegypti, Severson et al. (1995b) observed that significant deviations from the expected 1:2:1 ratio were evident for F 2 progeny for all RFLP loci on chromosomes 1, 2, and 3. We found a distortion rate of 22% [(30 1 25)/(126 1 120)] in this study. Several reasons may account for the observed marker ratio distortion, including a marker's location in relation to a chromosomal inversion polymorphism, as commonly found in Anopheles mosquitoes such as An. arabiensis (Temu and Yan 2005) and An. gambiae . Partially isolated subtaxa, M and S forms of An. gambiae, with extensive gene flow occurring between them, possess certain chromosomal regions referred to as ''speciation islands'' that harbor significant genetic differentiation with genes responsible for reproductive isolation (Turner et al. 2005) . Segregation of molecular markers located in such a speciation island chromosomal region is likely to exhibit a ratio distortion. Another reason for such a distortion might be amplification of a single-sized fragment derived from several genomic regions (Faris et al. 1998) . Or it may be simply because we sampled an infinite mapping population of selected strains with genetic characteristics arising from many years of colonization in the laboratory.
In our study, all the AFLP loci on chromosome 3 (except on marker L4A10.153) reflected a deficiency in the RED genotype. The deficiency of the RED strain genotype suggested that the segregation distortion might be caused by a partial lethal factor on chromosome 3 acting on the F 2 generations (Severson et al. 1995b) . The high proportion (53.8%) of AFLP loci on chromosome 1 deviated from expected Mendelian segregation ratios, probably due to the sex gene on chromosome 1 in Ae. aegypti. This single autosomal gene determines the sex, with maleness being the dominant allele (Gilchrist and Haldane 1947) . Therefore, the observed segregation ratios for female F 2 progeny would reflect a bias toward the maternal genotype (Severson et al. 1993) . Severson et al. (1995b) used RFLP markers to examine susceptibility to P. gallinaceum in Ae. aegypti and identified two QTL with significant effects on the phenotype. One QTL on chromosome 2, designated pgs [2, LF98] or pgs1, accounted for 49 and 65% of the phenotypic variance in two independently prepared populations and exhibited a partial dominance effect on susceptibility. A second QTL on chromosome 3, designated pgs [3, MalI] or pgs2, accounted for 10 and 14% of the observed phenotypic variance in the populations and exhibited an additive effect on susceptibility. The identification of multiple QTL regions illustrated the complexity of genetic mechanisms involved in P. gallinaceum susceptibility ( Jimenez et al. 2004) . Our results suggested that the locations and effects of the two QTL (pgs [2, L2A150] and pgs [3, L2A10]) were consistent with the QTL affecting mosquito susceptibility previously identified using the RFLP marker (pgs [2, LF98] and pgs [3, MalI]) because of the two SSCP markers (Fax and Gpd-1) that were very close to the two QTL regions. Furthermore, we identified at least three new QTL (two QTL on chromosome 1 and one QTL on chromosome 3) that had not been previously reported.
Coevolution has developed complex and often antagonistic interactions between Plasmodium species and mosquito species. Comparative studies of different genera and species of mosquitoes can provide new information for unraveling the complex processes of parasite-mosquito interaction. A broad-scale, genomewide chromosomal comparative analysis of Ae. aegypti and An. gambiae showed apparent extensive conservation of chromosome segments between the two species of different genera, with limited evidence for linear order conservation within these genome segments . However, different genomic organization (Knudson et al. 2002) and the different rearrangements of chromosomal inversions are prominent in the evolution of anopheline chromosomes (Coluzzi et al. 2002; Sharakhov et al. 2002) . Therefore, for robust genome comparisons that allow determination of the genetic basis of interesting phenotypes among related dipterans, high-resolution gene maps and complete genome sequencing of representative dipteran species are required for more species than An. gambiae alone.
Understanding of parasite-mosquito interactions, especially of the genes and enzyme systems involved, is essential for developing strategies that will reduce malaria transmission through the mosquito vector. Although anopheline mosquitoes are responsible for transmission of human malaria (P. falciparum), experimental models have demonstrated that An. stephensi, An. gambiae, and Ae. aegypti have the ability to transmit the avian (chicken) malaria parasite P. gallinaceum. The rodent malaria parasite P. berghei can complete its life cycle in anophelines such as An. gambiae and An. stephensi, but it is not transmissible through Ae. aegypti (Alavi et al. 2003; Abraham and Jacobs-Lorena 2004) . The mosquito midgut is one of the major impediments between the parasite and the mosquito. Failure of the parasite to negotiate this barrier deters its development and is likely the main cause of mosquito refractoriness. Parasitevector combinations and ookinete development efficiency vary among different mosquito species due to speciesspecific incompatibilities at the midgut epithelium. This suggests that these parasite-mosquito combinations and mosquito susceptibility to malarial infection are regulated by multiple interventions of many genes and enzymes in the development of the parasites (Alavi et al. 2003; Abraham and Jacobs-Lorena 2004) .
A mosquito-specific salivary gland surface protein (SGS) family is widespread among mosquito species. Certain anti-SGS antibodies inhibit sporozoite invasion into the salivary glands in vivo, confirming that this protein family encompasses candidate sporozoite receptors (Korochkina et al. 2006) . Furthermore, microarray analyses for identification of Plasmodium refractoriness in Ae. aegypti have identified 28 EST of differentially expressed candidate genes. Among them, 10 showed no significant similarity to any known genes, 6 clones matched with unannotated genes of An. gambiae, and 12 clones exhibited significant similarity to known genes (Chen et al. 2004) . Anophelines and culicines, including Ae. aegypti, have evolved fundamentally different biochemistry in cellular responses and mechanisms of epithelial repair after parasite invasion; the midgut responses to parasite invasion were not universally conserved in different vector-parasite pairs (Gupta et al. 2005) . Such variations are mostly likely mediated by different genes and enzyme systems, a consequence resulting from the considerable evolutionary history separating the anopheline and culicine genera and the bird-, rodent-, and human-infecting Plasmodium species.
In summary, we developed a genetic linkage map based on AFLP markers. The reported map, composed of 148 AFLP loci across 180.9 cM with an average distance of 1.2 cM, will be useful in further genetic investigation such as gene identification and positional cloning. We identified six QTL that affected Ae. aegypti susceptibility to the parasite P. gallinaceum. These QTL exhibited small to medium effects on susceptibility, and the effects of these QTL were dominance or underdominance. Digenic epistasis was a major source of variation in the susceptibility seen, and its effects depended on the genetic background of the mosquitoes. Therefore, the polygenic nature of susceptibility to P. gallinaceum and epistasis were important mechanisms leading to significant variation in susceptibility within or among mosquito strains.
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